Abstract. The purpose of this study is to compare the stress of the bone around the mini-implant under the two kinds of force: the composite force which contains torque and traditional single force. There were 96 finite element models formed by the combination of mini-implant and bone, with diameters of 1.2 mm, 1.6 mm, 2.0 mm and corresponding length being 6 mm, 8 mm, 10 mm, 12 mm, respectively. Each size corresponded to 8 models. Group SF (each size n=4) was loaded with 200 g single force, while Group CF (each size n=4) was loaded with composite force which contained 6N mm torque and 200 g single force. The maximum equivalent stress (Max EQS) of the bone surrounding mini implant with different loading directions was calculated, and the relationship of force direction, diameter and length was also evaluated. The Max EQS of Group CF was higher than that of Group SF. The effect of force direction on the stress was related to the diameter of mini implant, but had nothing to do with its length. The Max EQS of the cortical bone around mini implant in Group CF was higher (P<0.05) than that in Group SF. In contrast, there was no significant difference (P>0.05) between Group SF and Group CF in terms of bone stress when the diameter of mini implant was 1.6 mm or 2.0 mm. In our study, it is demonstrated that the diameter of mini-implant is better to be larger than 1.2 mm when a mini-implant is used in a torque control of tooth. The impact of this feature in the clinical setting needs to be verified.
Introduction
As a new tool to strengthen the anchorage, the mini implant has become increasingly common in orthodontic treatment. Scholars have always been working hard on how to improve the success rate of the mini-implant which is greatly influenced by the stress of the bone around the mini-implant.
Research at the present stage is much concerned with the control of teeth through the mini-implant in single direction, and considers that the appearance of mini-implant can affect the stress in terms of diameter, length and so on.
The upright of tilted molar has always been a difficult problem in orthodontic treatment, because the center of resistance of the tooth is basically consistent with the geometric center of the tooth root, the center of resistance of multi-root tooth lies in the root furcation to the direction of root tip about 1-2mm and its location changes with the length of the tooth root. When it imposes single force on the molar crown, only tipping movement occurs in the tooth because the center of resistance is beneath the point of application, and it is very hard to use traditional methods to make those tilted molars upright in both mesiodistal and buccolingual directions.
In recent years, scholars have found that imposing the composite force containing the torque on the mini-implant will result in the motion of the tooth in a three dimensional direction [1, 2] . D.M. Guo, et al. applied this method to make the tilted molar upright and found that it has good dimensional control on the mesiobuccal tilted molar. Due to the mini-implant, the moved tooth is a partial correction system which helps avoid the adverse effects of the other teeth as anchorage [3] . But under this force, there are no related reports about the stress of the bone around the mini-implant. This study compares the stress of the bone around the mini-implant under the two kinds of force: the composite force which contains torque and traditional single force.
Material and methods
The maxilla Computed Tomography (CT) data of volunteers were saved in DICOM format and imported into Mimics 10.0 software (Macrovision Corporation, USA), which set an appropriate threshold, extracted soft tissue and hard tissue, and proceeded the three-dimensional reconstruction of the hard and soft tissues respectively. Interference of the neck structure and head was eliminated when performing the CT scan and the interference of the metal artifacts was removed at the same time. The maxillary model was then generated, and Geomagic Studio 8.0 (Raindrop Geomagic, USA) was used to refine the model. Finally, the model was exported in the stp format for editing.
The mini-implant was based on Tomas mini-implant (Dentaurum, Germany) as it is the most commonly used mini-implant size in clinical setting. Unigraphics NX 6.0 (Siemens Product Lifecycle Management Software, USA) was used to build the three-dimensional model of micro-implant. The three dimensional solid model of mini-implant with diameters of 1.2 mm, 1.6 mm, 2.0 mm, and corresponding length of 6 mm, 8 mm, 10 mm, 12 mm were established.
The mini-implant was inserted into the buccal alveolar bone of maxillary second molar at 10mm from mesial alveolar ridge and closed at 6 mm from the alveolar crest [3] . The mini-implant placement orientation was 90 degrees, and 96 maxilla models which contained the micro-implant were built, with each size of micro-implant corresponding to 8 models. The thickness of mandibular cortical bone ranged from 1.5-2.0 mm. Suppose that there was a mechanical bond between the mini-implant and jaw which means that these two were frictional contact, the friction coefficient was 0.3 [4, 5] .
The integrated plug in board in ANSYS Workbench 13.0 (SAS, USA) and Unigraphics were used to import the model into ANSYS Workbench, and the diameter and length parameters which were set simultaneously should be also passed to the analysis software. Tetrahedral mesh was used to divide the cortical bone, cancellous bone and screws and to improve the quality of the grid. The model nodes ranged from 168770-223077, and unit number ranged from 107446-143600.
The force situation of mini-implant in clinical setting was simulated, loaded near middle single force 200 g and composite force that is 200 g single force plus 6N mm torque. Four of each size were randomly selected to load with single force, the other 4 were composite force loaded.
This study was to simulate III bone in the jaw classification of Lekholm and Zarb. All the materials were assumed to be homogeneous, isotropic linear elastic material. The material parameters were illustrated in Table 1 . Table 1 Material properties of bones and mini implant [6] 
Material
Young The Maximum Equivalent Stress of cortical bone and cancellous bone of mini-implant in different sizes under the two groups of forces was measured and statistic analysis was made by putting the results into the SPSS 17.0.
Results
Due to the three factors designed in the experiment: direction, diameter, and length, factorial analysis on those factors should be made first. The MANOVA analysis of between-group effects are used to show the interaction. It was found that there wasn't secondary interactive effect among stress direction, diameter and length, but the primary interactive effect existed. If there was an interactive effect, the independent effect of experimental factors needed to be analyzed. The t test was used to analyze the difference between two force groups ( Table 2 ). The Max EQS was significantly different in the two force type groups with an implant diameter of 1.2 mm (P=0.007).
Discussion
The contact between the micro-implant and the jaw was set as the fixed contact in the past [7] . But in clinical work, especially in the condition of the instant load, there is only a mechanical bond between micro-implant and jaw and there exists mobility in it. This study set these two contact relations as the frictional contact, and the friction coefficient was set as 0.3 [4, 5] , which is more in line with the actual clinical situation.
The steady mini-implant can bear at most 300 g orthodontic single force, and the force value which is loaded instantly should not exceed 200 g [8, 9] . As for the torque control of the posterior teeth, Chan and Hohmann thought the torque more than 6Nmm would cause root resorption [10, 11] . This study mainly focused on the stress distribution in the physiological state. Single force and torque were loaded for the center of the structure of the head of mini-implant by the loading parts, with load size being 200 g and 6N mm respectively, and the load imposed in this experiment was quite similar to the situation in the clinical work.
As previous studies on the dimensional finite element were generally a descriptive study of a single sample, namely the establishment of a model to describe the value of each index, its results had a certain limitation. This study established a 96-group model, a professional statistical analysis, experimental repeatability, which increased the persuasiveness of the results. A lower Max EQS indicates less stress on the surrounding bone, which implies less damage to the bone and higher success rate of the micro-implant [12, 13] . The result shows that there is an interactive effect between the force direction and the diameter, so the effects of force direction on the same diameter need to be analyzed separately.
When diameter was 1.2 mm, the difference between the two groups of forces was statistically significant. But when diameter was 1.6 mm or 2.0 mm, the difference was not statistically significant. To determine whether the primary stability of mini-implant is affected, the variations of the above two observations should be considered comprehensively. So the difference between the jaw stress values under the single force groups and the composite forces groups existed. In addition, under the loading of composite forces, the stress value of the bone is higher than that in the single force. Therefore, the previous results indicated that composite forces have unfavorable effects on the stress of bone surrounding mini-implant.
There wasn't interactive effect between force direction and the length, which means that the length does not change the effects that the force direction works on the stress. However, there existed interactive effect between force direction and the diameter. Table 2 showed that when diameters were different, the amplitude response lines of cortical bone Max EQS towards force directions were different. When the diameter was 1.2 mm, the effect of force direction on the observation index was more obvious than that with diameters of 1.6 mm or 2.0 mm. It was known that the adverse effects of the composite force on the jaw stress mainly occur around the mini-implant of small diameter. This may relates to the fact that the force arm increases with the increasing diameter, under a fixed torque, which leads to the decrease of the stress of bone.
Conclusion
Composite forces have unfavorable effects on the stress of bone surrounding the mini implant. In the present study, the length of mini-implant will not change the force direction's effects on the stress of bone surrounding the mini-implant. But there are some unfavorable effects of the composite forces on the stress of bone surrounding the mini-plant with a smaller diameter. When the diameter of the mini-plant is larger than 1.2 mm, the experiment of putting composite forces with torque on the mini-implant is more likely to achieve success. These results of the study are merely based on a computer model-experiment and need to be further verified in the clinical setting.
